There is much evidence indicating the non-identity of acid phosphatases of different origin. Davies (1934) has shown that the acid phosphatase of the red cell differs from that of spleen in that the former hydrolyses x-glycerophosphate much more readily than the ,-compound, while with the spleen enzyme ,-glycerophosphate is hydrolysed more quickly. Kutscher & Worner (1936) described the irreversible inactivation of the prostatic acid phosphatase by certain narcotics, including alcohols. This was used by Herbert (1944Herbert ( , 1945Herbert ( , 1946 for the identification and determination of the prostatic enzyme in blood serum, whose normal acid phosphatase is hardly affected by ethanol treatment. King, Wood & Delory (1945) , on the other hand, found the acid phosphatases of prostate and red cells to be similar in many respects, including easy destruction by ethanol, but formaldehyde and L-tartrate (AbulFadl & King, 1947, 1948a sharply distinguish the two enzymes by complete inactivation of the one or the other. In the present investigation the question of the identity of these two acid phosphatases is further dealt with. For this purpose, the rates of hydrolysis of phenyl phosphate by each enzyme at different pH values were determined, together with the relative rates of hydrolysis of a-and P-glycerophosphates. This was followed by studies of the effects of organic and inorganic substances belonging to different groups of a possible activating or inhibiting nature. The nature of the enzymes is discussed in the light of these experiments.
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EXPERIMENTAL Enzyme solutions
Normal fresh human prostate glands were decapsulated, cut into fine pieces and ground with sand in a mortar with 5 times their weight of 0 9 % NaCl solution. A few drops of toluene were added and the mixture was left at room temperature to autolyse for 2-3 days. The mixture was then filtered and highly diluted (e.g. 1000-5000 times) before determining its activity.
Freshly drawn samples of blood from man, ox, sheep, pig, rabbit, rat and guinea pig were centrifuged, the plasma with the top layer of white cells separated, and the red cells twice washed with 0.9 % NaCl by spinning and decantation.
Washed red cells (1 ml.) were lysed in 9 ml. water and the solution centrifuged. The clear supernatant was used immediately for determining the enzyme activity.
Determination of pH-hydroly8si curves
Acetate buffer solutions were prepared to cover the range of pH 3 6-640. The pH of each solution was determined by the indicator method and by the glass electrode (Muirhead) after mixing with an equal volume of the 0-02 M-disodium phenyl phosphate substrate solution and warming the mixture to 370 in a water bath. The hydrolysis period was exactly 30 min. at 37°, when the liberated phosphorus or phenol was determined.
Activating and inhibiting substances
Metallic ions, acid radicals and amino-acid8. The effect of this substance on prostatic and red-cell phosphatases was studied in two ways: (a) by incubating the enzyme solution with stilboestrol for 1 hr. at room temperature, and comparing its activity with that of untreated solution, which was similarly incubated. For this purpose 5 ml. stilboestrol solution in chloroform (1 mg./ml.) were pipetted into a 100 ml. measuring flask and evaporated by gentle warming in a water bath. The flask was then filled with the enzyme solution, and kept at room temperature for 1 hr. with gentle rotation to assure saturation and equal distribution of the stilboestrol. (b) By including 0 5 mg. stilboestrol in the buffer-substrate-enzyme mixture. In every case, chloroform was completely eliminated before mixing with the enzyme. This is especially important in the case of the prostatic phosphatase which is sensitive to this substance. Vigorous shaking was avoided, since the prostatic enzyme is rapidly inactivated, especially in dilute solutions.
RESULTS
The pH-hydrolysis curve indicates the presence of two acid phosphatases in the red cells of man and other animals; a 'first acid enzyme' with optimum pH of 4*3-4-8 and a 'second acid enzyme' optimally active at pH 5*0-5*7. The optimum for each enzyme was found to vary a little, not only from one species to another, but even in different individuals of the same animal species. The first acid enzyme is very labile and can no longer be detected in enzyme solutions which have been left to stand at room temperature for a few hours. In some species the two optima lie well apart from each other and are fairly sharp (e.g. human, rabbit, ox and sheep, Fig. 1 ). In other species, however, the two optima are so close to each other, and that of the second enzyme (of higher pH optimum) is so broad that they are difficult to determine (e.g. pig and rat, Fig. 2 Magnesium inhibits the phosphatases of the red cells especially in the more acidrange. In some cases, where the enzyme activity was still marked at pH 6-0, magnesium was either without effect or showed slight activation; but in every case there was pronounced inhibition at the optimal pH. Fig. 3 shows the shape of the pH-hydrolysis curve of phenyl phosphate by prostatic acid phosphatase. There is only one clearly defined optimum, at pH 5-0-5-2. Magnesium, at different pH values, was either without effect or produced inhibition only near the optimum. The absence ofmarked inhibition at the more acid pH, which was very pronounced in the case ofthe phosphatases ofthe red cells, confirms the homogeneity of the prostatic enzyme. Table 1 shows the relative rates of hydrolysis of c-and ,B-glycerophosphates and phenyl phosphate by the acid phosphatases ofthe prostate and red cells. ,-Glycerophosphate is very slowly hydrolysed by the red-oell enzyme. The oc-isomer is more quickly hydrolysed and phenyl phosphate much more rapidly. The very low activity of red-cell phosphatases against B-glycerophosphate has been repeatedly confirmed with red cells from different fl-glycerophosphates, but it seems to inhibit very slightly the hydrolysis of phenyl phosphate (though not as much as it does with the red-cell enzyme). Table 2 shows the effect of certain metallic ions on the acid phosphatases of plasma, prostate and red cells. In acetate buffer calcium inhibits the red-cell enzyme slightly and the prostatic enzyme more strongly. (In citrate buffer, however, these inhibitory effects completely disappear owing to the formation of calcium complexes with the citrate.) Chromium, cobalt, manganese and zinc all have variable inhibitory effects on prostatic and red-cell phosphatases, and none was found to exhibit the slightest activating property. (10-25 %). In citrate buffer medium, however, the pronounced inhibitory action on the prostatic enzyme is completely annulled; while the inhibition of the red-cell enzyme is still marked with O-OO1M-concentration, but is abolished when the concentration is reduced to 0-0005m. Table 4 shows the effect of glycine, alanine, and cysteine on the phosphatases of prostate and red cells. The concentrations of glycine and alanine, which have been reported to activate the alkaline phosphatases, do not exhibit such an effect on the acidenzymes. Higher concentrations of these aminoacids have no effect on the red-cell enzymes, but slightly inhibit the prostatic phosphatase. Cysteine in 0-02M-concentration produces a slight inhibition with red-cell and prostatic enzymes; O-Olm-concentration is either without effect or slightly activates both enz7ymes. After prolonged dialysis of acid phosphatases, there was still no change in response towards ainino-acids. allowed to react with the enzyme first, the enzyme was inhibited, and it did not seem possible to reverse this inhibition with excess of either cysteine or glutathione. Table 6 shows the effect of certain acid radicals. Arsenate strongly inhibited (about 80%) the redcell phosphatases and also inhibited by about 70 % acids (hydroxy, ketonic, dicarboxylic and ethylenic) was tested. None was even nearly as effective as tartaric acid.
On trying the effect of the different stereoisomers of tartaric acid, however, the inhibitory action was found to be exhibited only by the L*-and the DLracemic forms, not by the D-or the me8o form. xylose and laevulose, but none produced an effect similar to L-tartrate. * The L-form is the common dextrorotatory acid. Table 8 shows that a quantitative determination of red-cell acid phosphatase, when present in admixture with the prostatic enzyme in serum or plasma, is a practical procedure, anid the figures found are reasonably close to the calculated values. It is also possible by this means to demonstrate the presence ofa tissue phosphatase, as distinct from the plasma and red-cell enzymes, in blood or in mixtures containing blood (Tables 8 and 11 ). Table 9 shows that the inhibition of the prostatic enzyme by 0-005M-L-tartrate is reversible, and that the enzyme recovers its activity on dialysis. A control consisting of the enzyme without tartrate was set up, and similarly dialysed to safeguard against any extraneous change in the enzyme, either through dialysis or through incubation. Recovery was more rapid at room temperature than at 00, but some inactivation results from incubation at room temperature. Table 10 . Effect of iodoacetic acid on the acid pho8-phata8me of pro8tate and red cell8 VoI. 45 very unstable and unless the blood is very freshit may escape detection. It is much more strongly inhibited by magnesium than the second acid enzyme, and is sensitive to L-tartrate which does not affect the latter.
On the other hand, the presence of only one optimum in the pH-hydrolysis curve of phenyl phosphate by the prostatic enzyme has been proved.
The acid phosphatase of mammalian erythrocytes has been reported to be activated by magnesium (Jenner & Kay, 1931; Davies, 1934; Roche, 1931; Roche et al. 1942) . Behrendt (1943) , on the other hand, reported magnesium to be without effect on the phosphatases of human erythrocytes. Kutscher & Womer (1936) also found that magnesium has no effect on the prostatic enzyme. In the present investigation, magnesium has been found to activate slightly the hydrolysis of ,B-glycerophosphate by the red-cell enzyme but to exert no effect on the hydrolysis of the a-ester. On the other hand, it definitely inhibits the splitting of the phenyl phosphate. The prostatic enzyme, however, is either not affected by magnesium or only slightly inhibited. The fact that no conclusive evidence has been obtained concerning the activation of the prostatic or the red-cell phosphatases by metals, especially magnesium even after prolonged dialysis, suggests that these acid enzymes do not consist of the metallo-protein structure which has been suggested for the alkaline phosphatases. It might be possible that they are saturated with the metal which is strongly bound to their protein molecule and which cannot be split before the complete denaturation of the protein component of the enzyme. Against this stands the fact that the acid phosphatases are either not affected, or are slightly activated, by cyanides, which strongly and irreversibly inhibit the alkaline enzymes presumably by combination with their essential metal. The inhibition of acid phosphatases by fluorides could not be accounted for by combination of the latter with a metal, since fluorides have either no effect or slightly activate the alkaline phosphatases. The inhibition of acid phosphatases by fluoride can be more reasonably considered as competitive, since Belfanti, Contardi & Ercoli (1935) and Lundquist (1946 a, b) reported its reversibility by dialysis. The strong inhibitory effect of fluoride on the prostatic enzyme, as compared with its relatively mild action on the red-cell enzyme, is worthy of note.
The high sensitivity of the red-cell acid phosphatases to minute amounts of copper may be taken as evidence for the necessity of thiol groups for the activity ofthese enzymes. These groups, on the other hand, seem to be not so important for the activity of the prostatic enzyme, since the latter is slightly activated by 0-001M-copper sulphate in citrate buffer. The same explanation can be applied to the peculiar action offormaldehyde, which under certain conditions completely and irreversibly inhibits the red-cell phosphatases while not affecting the prostatic enzyme. (The action of formaldehyde can also be explained on the basis ofthe necessity ofan amino group, which Gould (1944) claims to be essential for complete activity of the intestinal alkaline phosphatase.) Iodoacetate, however, was found to inhibit both the red-cell and the prostatic acid phosphatases nearly to the same extent. This result is against the hypothesis that thiol groups are not necessary for the activity of the prostatic enzyme, unless this inhibition is due to some other reason than combination with thiol groups. On the other hand, the relative ineffectiveness of this reagent as thiol inhibitor has often been pointed out in the literature, and many well-known thiol enzymes have been found to be unaffected by iodoacetate (Singer, 1948; Hopkins, Morgan & Lutwak-Mann, 1938) . The possibility that the thiol groups in the prostatic enzyme are attacked by certain reagents but not by others cannot be overlooked. This point needs more investigation using a variety of effective thiol reagents. The inhibition of sulphydryl enzymes by heavy metals has been successfully reversed by thiols, e.g. cysteine or glutathione (Hellerman, 1937; Barron & Kalnitsky, 1947) . In the present experiments the inhibition of the red-cell phosphatase by copper could not be reversed by thiols. It seems that the copper-mercaptide combination of the red-cell enzyme is so stable, that, unless an appropriate thiol compound is able to dissociate the enzyme-copper complex, the inhibition is irreversible. Neither cysteine nor glutathione seems to have the power to do so.
The importance of the nature of the buffering substance in the study of activators and inhibitors on phosphatases has been pointed out by Lundquist (1947) , who found that the hydrolysis of phosphoryl choline and f-glycerophosphate by the prostatic enzyme is much faster in citrate buffer than in acetate buffer (10-30 and 100-500% respectively). This may be the reason for the very slow hydrolysis of ,-glycerophosphate by red cells in acetate buffer; and might furnish a useful clinical method for the determination ofprostatic acidphosphatase in serum in methods where fl-glycerophosphate is used as substrate. The same author also found that citrate bufferprevents the inhibition oftheprostatic enzyme by certain other organic acids, e.g. maleic.
The inhibition of acid phosphatases other than those of normal plasma and red cells by L-tartrate is particularly interesting since it is stereoisomeric in nature and is highly specific. The application of this phenomenon is of considerable diagnostic value in elucidating the slightly raised values for acid phosphatase in the serum in doubtful cases of prostatic cancer. It has been tried in several cases and the results were very satisfactory. In this respect, the use of L-tartrate is similar to, but is better than, Herbert's (1946) Davies (1934) . The kidney acid phosphatase also does not seem to be identical with the liver or spleen enzymes, since the former is partially inhibited by ethanol, while the two latter enzymes are not affected. Kochakian & Fox (1944) A young man 25 years old was admitted to hospital complaining of pain under the sternum for 3 weeks, cough and dyspnoea for 5 days. He was well built and hair distribution and external genitals were normal. Both breasts were visibly enlarged; there was no other significant physical sign. The Aschheim-Zondek test was positive with a urine dilution of 1:10, and a serum dilution 1:100, giving a concentration of 4000 to 40,000 and between 40,000 and 400,000 mouse units of gonadotrophic hormone/I. The blood count was significantly abnormal. He was regarded as a case of generalized chorion-epithelioma, primary unknown, there beingno palpablelesion ofthe testes. Thepatient deteriorated rapidly and died. The summary of lesions found on postmortem examination is as follows: (1) chorion-epithelioma arising in superior mediastinum presumably in the teratoma; (2) massive pulmonary metastases; (3) gynaecomastia. There was one metastasis, 9 mm. diameter in the inferior part of the left lobe of the cerebellum; the brain was otherwise normal.
The two breasts were dissected out and weighed 95 g. Macroscopically they resembled a non-lactating female breast. They were sharply defined from the surrounding fat. They were examined for alkaline phosphatase and were found to be very poor in this enzyme.
The thyroid, parathyroid and pituitary were normal. The cortex of the suprarenal appeared somewhat thinned. Both testes were of normal size and quite free from tumour or any abnormality. The seminal vesicles appeared enlarged. The prostate gland appeared quite normal in size. It was examined for phosphatase activity, and it was found that 1 g. wet weight of prostate liberated 126 mg. phenol from phenyl phosphate at pH 5, during 1 hr. at 37°. The normal human prostate gland liberates 3000-10,000 mg. phenol/g. wet weight under the same conditions. It is, therefore, believed that the gonadotrophic hormones, through their indirect action on the prostate cells, cause less phosphatase to be produced. A parallel action is believed to take place when oestrogens are administered in the treatment of cancer of the prostate with secondaries. SUMMARY 1. The prostatic and red-cell acid phosphatases have been studied with respect to pH-hydrolysis curves of phenyl phosphate, the relative rates of hydrolysis of a-and ,B-glycerophosphates, and the effect of magnesium. The presence of two acid phosphatases in the red cells has been confirmed.
2. The effects of calcium, chromium, cobalt, copper, iron, manganese, nickel and zinc on the activity of the prostatic and red-cell enzymes are described. No evidence for enzyme activation by any of these metals was obtained. Copper completely destroys the red-cell enzyme; while iron, in acetate buffer, stronglyinhibits the prostatic enzyme, but has no such action in citrate buffer.
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3. Glycine and alanine have no effect on either prostatic or red-cell phosphatases. Cysteine slightly activates both enzymes.
4. The effects of -ethanol, acetone, formaldehyde and certain organic acid radicals on acid phosphatase activity have been studied. L-Tartrate, while not affecting the acid phosphatases of plasma and red cells, inhibits other acid phosphatases particularly that of the prostate, and the nature of this action has been studied and discussed.
5. Stilboestrol has no direct effect on any of the acid phosphatases.
